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1. Introduction 

Phenyl ketonuri a (PKU) is a genetic disorder that can affect intellectual disability and other medical problems . 1 - 2 
Other names for thi s d i sorder are d efi ci ency d i sease or, Fol I i ng d i sease, Folling'sdi sease, and phenyl al ani ne 
hydroxylase (PAH deficiency disease 1 . M utations in the PA H gene result in PKU that cause reduction of the 
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activity of PAH . 2 Thisenzymecatalyzes hydroxylation of phenylalanine to tyroxine 23 . This disorder affects 
about 1 i n 2,500 (Wang eta/., 2019) to 100,000 bi rths (M untau eta/., 2019). The carrier frequency is 1 i n 50 (Tol ve 
dial., 2018). PKU hasahigh prevalence in Turkey, Ireland, and thellnited Kingdom. TheprevalencePKU isl 
in 2,600 in Turkey, 1 in 4,500 in Ireland, 1 in 10,000 in the United Kingdom, 1 in 11,000 in China, and 1 in 
15,000 in the United States. PKU is quite rare in japan: 1 in 100,000 (M untau et a/., 2019) and Thailand 1 in 
212,535 bi rths (Chaiyasap eta/., 2017).Thisdisorder is a rare-autosomal recessiveand is inherited in accordance 
with Mendel'sfirst principle. Both maleand female have the same chances of inheriting PKU. 

PKU, if undiagnosed, can lead to ataxia (Wang et a!., 2019) , eczema, 3 (Van Wegberg, 2017) intellectual 
disability 1 (Van Wegberg, 2017), microcephaly (Van Wegberg, 2017), neurological and psychosocial problems 
(Wang et a/., 2019) , and seizures 1 (Wang et a/., 2019; and Van Wegberg, 2017). Less than 5% of PKU patients 
have a deficiency in tetrahydrobiopterin (BH 4 ) synthesis, and essential cofactor for hydroxylation of 
phenylalanine to tyroxine (Wang eta/., 2019). Reduction of PAH leads to increase of phenylalanine in blood 
and brain (Van Wegberg, 2017). Four cl assifi cation of PKU 4 (Neto eta/., 2019)severe(higherthan l,200juM), 
moderate(between 900and l,200juM), mild (between 600and 900juM), and non-PKU mild (lowerthan 600juM) 
(Neto eta/., 2019). 

Screen ingforPKUinnewbornsorolderisanimportant method to d i agnose th i s d i sord er ( M u ntau dial., 
2019). Several techniques i.e, Sanger Sequencing (SS) and N ext Generation Sequencing (N GS) areavailablefor 
Screeningthisdisorder. D rugs are avail ableto treat PKU areBH 4 LargeNeutral Ami noAcids(LNAA) (Daly et 
al., 2019; and Tasl i mi far et al., 2019), Sped f i c N utri ent C ombi nati on (SN C) ( Bru i nen berg dial., 2019), and gene 
therapy (Durrer eta/., 2017; and Pan dal., 2016). Useofthesedrugs can help patients with PKU to liveas normal 
people. In the future; gene therapy can bea useful tool for eliminating PKU disorder. Gene therapy includes 
Adeno-associated virus (AAV) vectors and Fo/cl-dCas9system. 

I n this review article, the author describes the progress in a study of PKU focused on genetic aspects, 
diagnosis, treatments including such as SNC and gene therapy. Genetic aspects includethePA H gene and 
mutations inthePAH gene; whilediagnosiscould indudeSSand NGS. Finally, treatment of PKU iscomprised 
of drugs and genetherapy. 

2. M ethodology 

The author searched thePubM ed Database at N ational Center for Biotechnology I nformation (N CBI) for articles 
on PKU. Searches included the PA H gene, mutations in thePA H gene, diagnosistools, drugs, and genetherapy 
for PKU. All articles wereopen access and in English published between 2014 and 2019. The author references 
wereinduded inthisreview.Otherrelevantpubiicationswerealsoindudedinthesearches. 

2.1. C enes in phenylketonuria 

Th ePAH gene supplies directives for making PAH/ 12 M utationscan arise in geneand causedamageof protein 
(Nelwan, 2018; and Nelwan, 2017a, band c) of PKU patients. These mutations cause permanent changes in 
DNA inthePAH gene. Mutations in theP AH gene result in four classes for PKU: severe, moderate; mi Id, and 
non-PKU mild hyperphenylalaninemia(Table 1) (Van Wegberg, 2017). 


Table 1: Classificationsin PKU 

Classifications 

Phenylalanine levels 

Dietary phenylalanine 

References 

Severe 

>1,200 juM 

n <20 mg/ kg/ day to 

Neto et al., 2009 

(>20 mg/ dl) 

250-350/ kg/ day 

Regier and Greene, 2000 

Moderate 

900-1,200 juM 

20-25 mg/ kg/ day to 

Neto et al., 2009 

(15-20 mg/ dl) 

350-400 mg/ kg/ day 

Regier and Greene, 2000 

Mild 

600-900 ijM 

25-50 mg/ kg/ day to 

Neto et al., 2009 

(10-15 mg/ dl) 

400-600 mg/ kg/ day 

Regier and Greene, 2000 

Non-PKU mild 

>600 /J M 

Normal diet 

Neto et al., 2009 

H PA 

(5-10 mg/dl) 


Regier and Greene, 2000 

Note: HPA = hyperphenylalaninemia; and PKU = phenylketonuria. 


3 Online Menedelian Inheritance in Man, https:/ / omim.org/ entry/ 261600 

4 Online Mendelian In heritance in Man, https:/ / omim.org/ entry/ 612349. 
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2.2. ThePAH gene 

Official name of the PAH gene is phenylalanine hydroxylase. Other names include 
L-Phenylalanine, tetrahydrobiopterin: oxygen oxidoreductase (4-hydroxylating), PH4H_HUMAN, 
Phenylalaninase, Phenylalanine-4-Hydroxylase, Phenylalanine-4-Monooxygenase, and PKU1. 2 The human 
PA H gene occupies chromosome 12q at position 23.2, 12q23.2. 2 ' 3 ' 4 The PA H gene spans 90 kb, contains 
13 exons, 4 and includes base pairs 102,836,885 to 102,'958,410 2 . ThePA H geneencodesan aromatic ami no acid 
hydroxylase protein family. 2 (Chaiyasap eta/., 2017). The encoded PAH enzyme converts phenylalanine to 
tyrosine 2 . 

2.3. M utations in the PA H gene 

Neto etal. (2019) found that mutations in thePA H genecan indudedeletion withframeshift, in-frame deletion, 
large deletion, missesnse, nonsense, and splicing sites 5 (Table 2) (Wang eta/., 2017). There have been identified 
PAH 1101 variants in PAHvdbDatabase; 6 about50%aremissensemutations. 7 Gu eta/. (201^ ) suggested that 
mutations in thePA H gene consist of 13,5% deletions, 1.8% insertions, 5% nonsense^ 60.5% missense, and 11% 
splicesite, (Peci monova etal., 2019) Thep.Arg408Trp is the most common mutation in many populations, 2 
Gundorovaeta/. (2019) suggested thatthepathogenicvariantp.Arg408Trp iswidespread in EuropaThe 
p.Arg408Trp is not frequently found in Asia. 80to85%ofthep.Arg408Trp mutation in the world is in the 
Baltic countries: Estonia, Latvia, and Lithuania. 50% is in the East European countries: Czech Republic, 
H ungary, Russia, and Slovakia. I n Balkans, the frequency was 30% to 40%. I n Western and M iddleEuropa the 
pathogenic variant p.Arg408Trp mutation is5%to25%. Other pathogeni c variants may include p.Arg261G In, 
p.Tyr414Cys, and p.Ser349Pro(Gundorovaeta/., 2019). 

2.4. Diagnosis tools for phenylketonuria 

Newborn screening for PKU diagnosis depends on diagnosis tools such as Guthrie method, fluorometric 
method SSand NGS. SSisthe method of choice to sequenceshort pieces of DNA 8 and causative mutations. 
NGSisatool for diagnosing newborns with inborn errors of metabolisms(IEMs)(Wangeta/., 2019) and to 
sequence w hoi eexome and genome I evel s. 8 1 n ad d i ti on to SS and NGS, tandem mass spectrometry (MS/ MS) is 
a useful tool for detecting I EM s such as phenylalanine and tyrosine (Gu et a/., 2014). Single-gene testing or 


Table 2: Mutations in thePAH gene 

M utations 

Total 

Percentage 

References 

Frameshift 

21 

1.73985087 

ClinVar 7 

Missense 

337 

27.92046396 

ClinVar 7 

N onsense 

31 

2.568351284 

ClinVar 7 

Splice site 

28 

2.31980116 

ClinVar 7 

Deletion 

109 

9.030654515 

ClinVar 7 

Duplication 

23 

1.905550953 

ClinVar 7 

Indel 

5 

0.414250207 

ClinVar 7 

Insertion 

25 

2.071251036 

ClinVar 7 

Single nucleotide 

628 

52.02982601 

ClinVar 7 

Total 

1,207 

100 



5 NCBI Gene, https:// www.ncbi.nlm.nih.gov/gene/5053. 

6 PAHvdb, http:// www.biopku.org. 

7 NCBI Cl inVar, https:/ / www.ncbi.nlm.nih.gov/ cl invar/ ?-term=PAH [gene]. 

8 Genetics Home Reference, https://ghr.nlm.nih.gov. 
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multiplegenepanel can also bea useful tool for diagnosing PKU disorder (Regier and Greene, 2000) . New 
methods such as M assARRAY and minisequencing have also been developed. 

The newborns' blood samples were collected by heel prick on filter paper that was subsequently tested 
using Guthrie method and/ or thefluorometric method. The positive cases underwent plasma amino acid 
analysisusing high performanceliquid chromatography todeterminephenylalaninelevels. Determination of 
uri nary pterin levels can beused to screen BH 4 deficiency (Chaiyasap etal., 2017). 

Chaiyasap eta/. (2017) used NGS method for diagnosing PKU and BH 4 -deficiency.Theauthorstookthree 
mi Hi I itersof peripheral blood from each patient and extracted genomic DN A wasbyusingGentraPuregene 
Blood kit(Qiagen, Hilden, Germany). Theextraction process was according to the manufacture's protocol. 
Genomic DNA was for exome sequencing using service from Macrogen, Inc (Seoul, South Korea). The 
preparati ons of sampl es were accord i ng to A gi I ent SureSel ect Target E nri chment kit (A gi I ent Technol ogi es, 
SantaClara, C A, USA) preparation guide. Sequenci ng for libraries waswith H iSeq2000or H iSeq2500sequencer. 
Alignment for the result sequences wereaccording to the human genome sequence using Burrows-Wheeler 
Alignment. The authors used Picard softwarefor making and removing duplicatesequences. For data quality 
assessment, genotyping, and variant calling, the authors used Genome Analysis Tool kit (GATK3.v4). For 
variant annotation, SnpEff_v.4.1 was used. With this method, found mutations in the PA H gene (Chaiyasap 
eta/., 2017). ItshowsthatNGSisan appropriate molecular genetics techniquefor diagnosing mutations in the 
PAH gene 

TheLifeTechnologiescan help for the sample preparation and SS. The BigDyeTerminator v 1.1 Cycle 
Sequencing kit (Gu eta/., 2014)and by anABI PRISM 3130XL (Thermo Fisher Scientific) (Tolveeta/., 2018) can 
perform SS. An ABI 3730can run sequencing after ethanol purification. 8 A total of 42 exons of PKU, BH 4 - 
defi ci ency associ ated genes are needed to be anal yzed J M 5/ M S testi ng of bl ood spots can be performed usi ng 
theNeoBase™ N on-derivatized MS/ MSkit(PerkinElmer, MA, USA) (Wang eta/., 2019). The NGS procedures 
can also use Nextera Rapid Capture Enrichment Reference Guide. Runs can useMiseq DX platform and data 
analysiscan use BaseSpace Variant Interpreter (lllumina, San Diego, CA, USA) (Tolveeta/., 2018). NGS is 
usef u I for the cl i n i cal geneti c anal ysi s of IE M s d i agnosi s (C hai yasap etal., 2017) . 

I n newborn screening, blood taken from heel stick was spotted on Whatman 903filter paper and dried for 
screening need. Theti me of sampling was between the ? d and lCF 1 day of life. Dried blood spots were pre- 
processed following the instruction of NeoBase™ none-derivatized MS/ MSkit(PerkinElmer, MA, USA), and 
then they wereanalyzed by usingTQD MS/ MS system (Waters, M A, USA) and NeoBase™ non-derivatized 
system. The analyses can i nd ude phenylalani ne tyrosi ne and acylcarniti nes. The normal ranges and cut-off 
values of analytes in the manual of the manual of NeoBase™ non-derivatized MS/ MS kit (Cat. 3040-001Z, 
PerkinElmer, MA, USA) and from theworldwidecollaborativeproject can beapplied. Suspected positivecases 
were recal led for the repeated test by M 5/ M S (Guo et al ., 2018). 

Sarker et al. (2019) val idated the method of I iquid chromatography tandem mass spectrometry (LC-M 5/ 
M S) for d i agnosi s of IE M s w i th the target for three d ifferent age grou ps. The authors used a second -ti er test, gas 
chromatography-mass spectrometry, to confi rm patients with PKU. Therewereseven patients older than one 
year in test of LC-MS/ MS. Gas chromatography-mass spectrometry confirmed three patients with 
phenyketonuria. About 43% of IEM came from consanguineous family across theglobe. Sarker etal. (2019) 
collected blood specimens by heel prick method. The authors spotted about 75juL of blood on Whatman™ 
Generic Multi part filter paper (GE HealthcareWestborough, MA, USA)toprepareadried blood spot card for 
LC-MS/ MSanalysis. The authors collected about 80% specimens between 24 hours and 72 hours after birth 
and collected about 20% specimens between day4and day 7after birth. The collections of blood specimensfor 
older children wereafter 4-hour fasting with standard venipuncture method. Then prepared a dried blood 
spot card by spotting about 75 jjL blood on Whatman™ 903 filter paper (Sarker eta/., 2019). In addition, 5mL 
fasti ng uri nespeci mens also col lected for uri nary metabolic screen i ng tests. Tests i ndudeferric chloridetest, 
2,4-Dinitrophenyl hydrazine test, Cyanide nitroprusside test, and test for urinereducing sugar and ketone 
bodies. Drying of thedried blood specimen cards wereas long as four hours at room temperature and stored 
at -70 2 C in plastic ziplock bags with desiccants until analysis was done. After metabolic screening tests, 
about 2 mL uri nespeci mens were stored at-70 e C for second-tier tests such as metabolic profiling using gas 
chromatography-mass spectrometry (Sumaily and M ujamammi, 2017). 

Tolveeta/. (2018) suggested a procedurefor diagnosing PKU: mini sequencing. Theauthors have optimized 
thedetection of the 24 probes in four multiplex PCR followed by foursingle-nudeotideextension reactions 
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and four electropherograms. The method showed 100% sensitivity and 100%specificity.Tolveeta/. (2018) 
successful ly tested the method on d ried blood spots. This genotypi ng assay needs 48 hours to do the test and 
is able to characterize both alleles in morethan 50%ofthePKU subjects (Tolveet a/., 2018). This method isa 
useful tool for detecting PKU disorder. 

SSand MassARRAY are techniques for detecting genetic variants in lEMs. SS, which is applied for the 
known gene locus in genetic analysis, is a golden standard todeterminetheDNA sequence. Both NGS and 
M assARRAY, which can be used for genetic analysis of spectrum of gene, are high throughput sequencing 
methods. Moreover, MassARRAY has been used morewidely and longer to detect known mutations. In 
addition, it is reliableand thecost is less (Guo eta/., 2018). 

Regierand Greena (2000) suggested single-genetesting or multiplegenepanel for diagnosing PKU disorder. 
For single-gene testing, sequence analysisof PAH is performed first foil owed by gene-targeted deletion/ 
duplication analysis if only one or no pathogenic variant is found. In addition, a multi plegenepanel that 
i ndudes PA H and other genes of i nterest may also be considered (Regier and Greene, 2000). 

Theestablishmentofthediagnosisof PAH deficiency in a proband is based on two criteria. First, it is a 
plasma phenylalanine concentration persistently above 120 pmol/ L (2mg/dL) and altered ratio of 
phenylalaninetotyrosineintheuntreated statewith normal BH 4 cofactor metabolism. Second, itis based on 
the f i nd i ng of bi al I el i c pathogen i c var i ants i n theP A H gene by mol ecu I ar geneti cs testi ng ( Regi er and G reene, 
2000). The follow-up testing commences for the second time positive cases, including biochemical tests or 
genetic analysi s. The recal I and fol Iow-up protocol i n the gui del i nes" Fol I ow-U p Testi ng for M etabol i c D i sease 
Using Tandem Mass Spectrometry" may beused. Specialists based onthedinical symptom, screening test, 
and biochemical and genetic analysis make definitive diagnosis. The parents of all cases with definitive 
diagnosisareinformed, and they arereferred to specialists for the treatment(Guo eta/., 2018). 

2.5. Treatments 

Treatment of PKU may be performed with such as dietary therapy, sapropterin, LNAA, and gene therapy 
(Table 3). Dietary restriction of phenyl alanine is predominantly treatment for PKU. Sapropterin has been 
successful treatment i n BH 4 responsive patients. Howa/er, sapropterin can only be beneficial about 30% of all 
PKU patients. LNAA has been explored and still needs long-term studies tounderstandthefull effect of this 
treatment. Gene therapy may bea useful tool for treating PKU inthe future. Research has been conducted to 
get the right tool for treating PKU patientswith genetic manipulation techniques. 

Dietary therapy isassociated with a risk for nutritional deficiencies. For example, growth retardation and 
early-onset osteoporosis can be caused by deficiencies in specific substances, such as minerals or vitamins, in 
a phenylalanine-restricted diet (Guo eta/., 2018). A diet therapy limits food with high phenylalanine; dairy 
products, eggs, meat, and fish. 7 However, hugesocial and economic burdens are imposed by the diet therapy. 
In addition, compared with age-matched individual without PKU, patients with PKU who consume a 
phenylalanine-restricted diet may not achievetheir full neurodevelopment potential. Accordingly, various 
alternativetherapeuticstrategies havebeen proposed for PKU treatment (Guoet al., 2018). Itcould experience 
deficits in cognitivefunctioning, for instancein processing speed, attention, working memory, and social- 
cognitivefunctioning(Bruinenberg eta/., 2019). Dietary therapy isthebasisof PKU management. It consist of 
threeparts: natural protein restriction, Phe-free-L-aminoacid supplements, and low protein food. Treatment 
should be commenced before the age of 10 days. Many countries will requirechange in timing of national 
NBS, logistical and diagnostic procedures (Van Wegberg, 2017). However, treatment with dietary therapy is 
ineffectivein patientswith PKU exhibiting BH 4 deficiencies (Guo eta/., 2018). 

BH 4 can hel p stabilize mi sfolded mutant enzymes and prevent their proteolysis, and increase enzyme 
activity was demonstrated by changingthedoseand formulation of BH 4 (Guo eta/., 2018). BH 4 isalso involved 
in catecholamine, serotonin, and nitric oxide biosynthesis (Sarker et al., 2019). BH 4 is a cofactor in 
neurotransmitter synthesis that include dopamine, epinephrine, norepinephrine, and serotonin. 7 Patients 
with high residual activity of the PAH enzyme have a greater probability of BH 4 response, but a minority of 
patientswith classical PKU also may benefit from BH 4 therapy. Efficacy and safety of BH 4 therapy has been 
proved in children with <4 years old (Van Wegberg, 2017). Synthetic BH 4 is commercially available In 2007, 
the US approved sapropterin dihydrochloride as an adjuvant therapy for PKU. Furthermore, when 
administering at doses of 5-25 mg/ kg/ day for up to 22 weeks, BH 4 caused a decrease in the plasma 
phenylalanine concentration in approximately 32- 50% of treated participants, as illustrated by analyzing 
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the effects of cofactor treatment in cl ini cal trials(Guo eta/., 2018). itisimportanttogivean early and precise 
diagnosisfor PKU patients to providea proper treatment to the patients (Chaiyasap eta/., 2017) . 

LNAA may decrease plasma phenylalanineconcentration in affected adolescents and adults. However, 
women of childbearingageshould not take LN A A (Sarker eta/., 2019). LNAA can be useful to adult patients 
with PKU that cannot nottolerablewith a phenylalanine-restricted diet. Four L-typeamino acid transporters 
are present in the transport system through which certain molecules, such as LN AAs, are transported to the 
brain.TheseL transporters transport LN A As, i nd uding the branched-chain ami no acids valine, leucine, and 
isoleucine; thearomatic ami no acidstyrocine triptopane, and phenylalanine. These also indudesomeother 
ami no acids, such as threonine methionine, and histidine. Thus, to cross the blood-brain barrier, these molecules 
compete with each other to bind the transporters based on their plasma concentrations. High LNAA 
supplementation thus inhibits plasma phenylalanine transport and reduces brain phenylalanine 
concentrations. Additional supplementation of LNAA was of limited value, butitmay beof benefit in those 
unableto adhere to their phenylalaninefreeL-amino acid supplements. Although some centers routinely 
administer phenylalanine, freeLNAA supplements to older patients who areunableto adhere to dietary 
treatment. Thesesupplements remained untested in children under theageof 11 years, and not reports in use 
in pregnant women. In addition, further research is required to ascertain theideal dosages and amount of each 
specific L-ami no acid withintheLNAA supplement (Guo eta/., 2018). 

Bruinenberg et at. (2019) suggested that a SN C was postulated to improve brain function in PKU. The 
authors examined at three-point time; 3,6, and 9monthsfor memory and motor function. In the Novel Object 
Recognition (NOR) test, Bruinenberg et al. (2019) found that PKU mice, despite being subjected to high 
phenylalanine conditions, could master the task on all three-time points when supplemented with SNC. 
Under low phenylalanineconditions, PKU miceon control diet could master the NOR at all three ti me points, 
whilePKU miceon the SNC supplemented diet could master the task at time points 6 and 9months. SNC 
supplementation did not consistentlyinfluencetheperformanceintheopen field (OF),spatial object recognition 
(SOR)testorbalancebeam(BB)in PKU miceThelow phenylalaninedietwasabletonormalizeconcentrations 
of norepinephrine and serotonin. However, these neurotransmitters were not influenced by SNC 
supplementation. This study demonstrates that both a long-lasting low phenylalaninediet, the diet enriched 
with SNC, as well as the combined diet was able to ameliorate some, but not all of these PKU-induced 
abnormal ities. Thesed iets seem to i mprovesome, but not other domai ns that are i mpai red i n the BTBR PKU 
mouse model. Theauthors demonstrate that a I ong-term i ntervention study i n BTBR PKU mice i mproves NOR, 
w h i I e a I ong-term i nterventi on w i th a I ow phenyl al ani ne d i et nearl y normal i zes serotoni n and norepi neph ri ne 
le/els. Bruinenbergeta/.(2019)suggestthatfutureresearchshould beaimed at developing an optimal nutritional 
i ntervention to target brai n function i n PKU patients (Brui nenberg et al., 2019). 

Enzyme therapy for enzyme substitution for PKU patients has been available. Replacement with PAH 
fusion proteins iseffectivein mouse studies. H owever, PA L-replacement therapy appearsto bea morepromising 
approach for treati ng PKU. I n add ition, this therapy also converts excess phenylal ani ne i nto readi Iy excreted 
and less toxic products. However, mouse models of PKU showed that injection ad ministering or oral version 
of the PAL enzyme has some I imitations. For example, injection of PAL activates immune responses, whereas 
oral administration of PAL isassociated with enzymedegradation. It reduces the effectiveness of thetherapy. 
Notably, conjugation of PAL with polyethyleneglycol (PEG) decreased PAL-induced immune responses. 
Clinical trialson PKU patientsarepromising. Phasel and II trialsusinginjectablerecombinantPALconjugated 
with PEG have shown a reduction in the phenylalaninelevels(Guo eta/., 2018). 

2.6. C enetic manipulation 

Genetic manipulation techniques arepromising techniques for treating PKU disorder. Multi pie methods are 
avai I abl e. These tech niquescanindudesuchasad enovi ral vectors, AAV, and cl u stered regu I arl y i nterspaced 
palindromicrepeats(CRISPR/ Cas9) system (N el wan, 2019). 

Restriction of dietary phenylalanine is for preventing neuronal damage in PKU patients, deprived 
compliance by PKU patients and the heavy economic burden confront thedietary therapy. Although dietary 
therapy recovers cognitiveperformance, other neuropsychological parameters such as attention, and executive 
functions are impaired compared to healthy controls. Diet therapy, BH 4 LNAA, SNC, and enzyme therapy 
may be beneficial for PKU patients. H owever, theideal method would betoeditvariants in thePA H gene Gene 
therapy may hel p for ed iti ng the mutated gene (Pan dial., 2016). 
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PKU gene therapy in animal models has been developed for more than two decades (Pan et a/., 2016). 
Adenovirus, AAV, and lentivirusareviral vectors that have been developed for treating PKU disorder (Guo et 
a/., 2018). How a/er, the temporary recovery avery low genetransfer ratelimited thisapproach. Adenovirus, 
AAV, and lentivirus still need mod if i cation to be used for genetherapy in PKU patients. 

Pan eta/. (2016) used a modified CRISPR system which employs thefusi on of inactive Cas9 (dCas9) and the 
Fokl endonuclease (Fo/c/-dCas9) to correct p.Arg408Trp inth ePAH gene. This technique can correct allele 
frequency 21.4%. Thiscorrection could rescue residual PAH activity and restorenormal function. Co-expression 
of a single guide RNA plasmid, and the presence of a single stranded oligodeoxynudeotide in PAH- 
_c.1222>TCOS-7 cells -an in vitrro model for PKU—corrected the PAH variant and restored PAH activity 
(N el wan, 2019). It seems that theFok/-dCas9 system is a promising tool for treating PKU disorder. 

3. Conclusion 

PKU has an autosomal recessive inheritance pattern in accordance with the I aw of segregation. M utationsin 
th ePAH gene result in PKU disorder: severe moderate, mild, and non-PKU mild H PA. To control PKU, the 
diagnosis has a significant role Diagnosis techniques for PKU indudeSS, NGS, MS/ MS. Dietary and enzyme 
therapiescan help peoplewith PKU. DrugsforPKU patient indudeBH 4 , LNAA,and SNC. Genetic manipulation 
techniques arepotential and useful tools to control PKU inthefuture. Adenovirus vectors, AAV vectors, and 
Fo/d-dCas9systemmay beuseful for treating PKU disorder. 
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